The National Health Service is being re-engineered. One of the components is that public health medicine needs to be delivered differently but effectively. It has been proposed that this should be done via managed public health networks (MPHNs). Underpinning this re-engineering there is an increasing role for ICT (information and communication technologies) and previous work suggests that most of the communication over the networks would be predominantly electronic. The development of MPHNs involves much complexity. This study aims to demonstrate the value of systems modelling when implementing and evaluating ICT in public health by applying it to their development.
Introduction/background
The role of public health medicine is to ensure that the real healthcare needs of the population are being met. Traditionally in the UK this public health function has been the responsibility of teams of professionals within Local Health Authorities. However, with the re-engineering of the UK National Health Service (NHS) now taking place, these local Health Authorities are being abolished and their functions have been taken over by Primary Care Trusts (PCTs) and Strategic Health Authorities (SHAs). A consequence of this is that the former teams of public health professionals are now being dispersed into smaller isolated teams within the newly established PCTs. The result is a much wider, but more diluted, distribution of already scarce public health skills [1] .
In order that the public health function can continue to be provided in an effective manner within this dispersed and devolved setting, it is essential that there should be proper communication between public health professionals. This implies the setting up of public health networks. Indeed the UK government has determined that there should be established 30 or so managed public health networks (MPHNs) covering the geographic area of each SHA. Given that the healthcare infrastructure is becoming increasingly dependent upon an underpinning by information and communications technologies (ICT), the effective use of these technologies will be crucial to successful public health networking.
These networks must be designed to ensure that specialist public health functions are available to PCTs where it is not effective or economic to provide them in each PCT. Their functions are to pool expertise and skills in specialist areas of public health which can then be available to all Primary Care Trusts, to share good practice, manage public health knowledge and very importantly, act as a source of learning and professional development [2] .
Successful implementation of these networks will require both a full understanding of the inherent complexity of public health medicine and the adoption of appropriate ICT in order to manage this complexity. Some years ago Checkland showed the value of systems modelling in public health, as a vehicle for proper understanding of both health needs and provision, even before the introduction of the additional complexity arising from the recent re-engineering of healthcare organization and delivery [3] . Public health medicine itself benefits from systems analysis because it is a complex discipline which requires consideration of many perspectives and interests: including those of the public, health managers, public health professionals, politicians and the commercial sector. Moreover, it needs the judicious consideration and balancing of cultural, managerial, clinical, technical, legal, political and economic issues. Combining these factors with the complexity of ICT therefore makes the public health network project an ideal candidate for the application of systems modelling.
Other recent research also suggests that the application of ICT in healthcare is more likely to succeed if a systemic model-based approach to design is adopted [4] . At the same time a model-based approach also facilitates a proper consideration of evaluation. Most of the effort devoted to introducing ICT projects in healthcare has focused largely, if not only, on the development and implementation phases [5] . Once a system has been in place there has often been very little attempt to evaluate it, yet evaluation is critical to the success of such projects. This paper describes the approach, which we have hypothesized as needing to be adopted to achieve an ICT-based public health network. First, a systemic model-based analysis is undertaken to understand the critical elements and their inter-relationships in the managed public health network (MPHN). Second, the information derived from this analysis is used to propose a prototype model of the ICT-based network and to produce an implementation and evaluation plan to realize the network which takes full account of the systemic nature of the issues needing to be addressed. Testing this hypothesis has shown that this approach offers an effective means for making the transition from predominantly personal (non-electronic) MPHNs to a predominantly electronic version.
Methods
Based on a review of current systems models a soft methodology was chosen because it suits the soft context of the MPHN, which is an ill-structured, fuzzy ill-defined situation involving humans and different cultural considerations [6] . Diagrams were chosen to model the network because they provide instant summaries of the data and they allow simultaneous processing of the key elements within the network [7] .
A cybernetic model was initially used to provide an overview of the network [6] . Stages 1 and 2 of Checkland's soft system methodology (SSM) [7] were then applied to demonstrate the different perspectives within the MPHN. These models formed the basis of a more detailed diagrammatic overview, which outlines the main elements in the MPHN and their relationships.
Based on the insights and overview provided by the models, a prototype MPHN was proposed. Stages 6 and 7 of Checkland's soft system methodology were then applied to convert the theoretical models described into a realistic action plan. These stages examine the culturally feasible and systemically desirable changes to structure, attitude or procedure and the associated actions, which are needed to make the envisaged network a reality. Finally a performance-based separate input/output/process model was proposed, which formed the basis of an evaluation plan.
Results
The results of this work can be broken down as follows:
q The models q The prototype q The system-based action plan q The model-based evaluation plan.
The models
The cybernetic diagram in Figure 1 provides an overview of the MPHN. It demonstrates how public health professionals in a MPHN use the MPHN (the activating unit) to meet the desired output of public health service (the controlled process) and compare it with the actual output. The effectiveness of the MPHN in achieving the output will be recorded as part of the information management system of the network and fed back to the public health professionals. This diagram provides a quick overview of the important aspects of the MPHNs and a broad illustration of the evaluation process.
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The diagrams in Figure 2 show the perspectives of the network from the view of the politician, the public health professional and from the network itself. Figure 2a shows how the politician is under pressure from demands such as his/her family, the political party, public health and from non-public health public sources (e.g. firemen's pay demands). With limited funds and time he/she must consider the business case for the network and allocate any of his/her resources appropriately to deal with these demands. Figure 2b shows the perspective of the public health professional that is under pressure to meet the health demands of the public but also to meet individual demands such as those from his/her family and boss. Within this framework he/she has a limited amount of time/resource and has to decide which functions on the network are the most important and how to allocate his/her resources between using the public health network to perform his/her work, using other means to perform the same work and participating in personal activities (i.e. going to theatre, looking after children, etc.). Figure 2c shows the perspective of the network itself, which needs to supply the demands of the public and the public health professionals to justify resource allocation from the politicians or senior managers. Within this framework the network will allocate resources according to the importance of the functions provided by the network (e.g. database function versus function to identify expertise). Figure 3 uses Checkland's diagrammatic format to provide a more detailed view of the network. It is based on the most important functions, which the network must provide, which according to our previous study [8] are: This model provides a broader and more comprehensive perspective of the MPHN than any of the previous models. It shows that the main driving force for the network is the health needs of the public and this force pressurizes the politicians (i.e. Department of Health) to provide resources, to pay for public health staff (manager, information scientist, information technologist), the technical infrastructure (i.e. database software, servers, etc.), face-to-face meetings, training and marketing and public health professionals time to learn from and contribute to the network. Figure 4 demonstrates an input/output process model of the network. It is performance based and thus was chosen as the best to represent the network as the basis for describing an evaluation plan. It shows that the main inputs are the public health needs and the public health professionals' needs. These inputs are fed into the network and it is the manner in which the network's processes deal with these, which ultimately influences the decisions of politicians/senior managers whose output are the resources upon which the network depends. The diagram illustrates that the processes which deal with the needs of the public and public health professionals depend on the usage of the network, combined with its functional and technical performance as this will determine the quality and quantity of public health work performed through the network. The network would not exist without resources so this is highlighted by a thick black line. 
Prototype managed public health network
Based on the models in Figures 3 and 4 we shall now propose a prototype MPHN by describing its staff and its technical infrastructure.
Staff
Members of the envisaged MPHN would include mainly public health professionals employed in PCTs and public health observatories. Table 1 proposes its staff members and their roles.
Technical architecture
It is imperative that there is a solid technical architecture to store the information and facilitate the work of the network. The model in Figure 4 shows how the functional performance of the network is dependent on its ability to identify expertise and manage knowledge therefore the network needs to enable the following searches:
q Search to identify public health professionals with expertise q Search to locate publications/reports. Interoperability between networks is essential to enable efficient searching for information and avoid duplication. We now propose how information on the network should be stored and tagged to support interoperability.
We propose that within each network members will be expected to provide information such as name, contact details and areas of expertise. There will also be a facility to submit reports or presentations to the network, the full text of which will either be held on the network's own database or by the members themselves. The MPHN would use standard metatags (such as title, keywords), which would be used by all MPHNs to describe the information provided. A well-recognized system such as ICD 10 would be used to classify any reports/presentations submitted and there would be a data dictionary, which would Better identification of expertise be used to explain the meanings of these tags/classifications used, and any constraints, which should apply. All MPHNs would agree to translate their data using a communal XML public health schema in which the XML tags would correspond to these agreed attribute names. Such a system would mean that the databases could be locally owned, but if they used the same attribute names and meanings then interoperability would be easier, thus facilitating cross-searching across the networks. This can be understood better by examining Table 2a , which illustrates how two similar reports submitted to two different networks (which have agreed to common tagging and classifying standards described above) might be tagged and classified. Table 2b shows how the two networks might store the information on their databases. Because each network has agreed to adhere to a common classification and tagging standard, any translation to a common XML schema is very easy. Each network might choose to use a different type of database and use different database table names, but as long as they use the same attributes and these attributes mean the same thing to each network (by adhering to a common data dictionary), then interoperability is straightforward.
In the prototype network, a knowledge manager would assign a code to a submitted report according to some predefined classification system. A full classification and coding Identify people to lead on and provide expertise and training in particular areas within public health (e.g. screening for diabetic retinopathy) Identify one person to lead and co-ordinate the provision of each of the three main functions of the network, i.e. CPD/education, maximization of scarce resources and knowledge management system to be used by the network is beyond the scope of this paper, but to illustrate how it might work, Figure 5 illustrates an extract of a possible classification system which might be used to classify a submitted report. To understand this classification system, one could envisage how a member who had submitted a report on the prevention of cigarette smoking would have their report reviewed by the knowledge manager, who would decide that it fits under the category 'Respiratory' and then the sub-categories 'Smoke', 'Active', 'Cigarettes', 'Prevention' and assign a predefined numerical code. Any confusion about what these categories mean could be cleared up by consulting a data dictionary, which could be accessed on the website by members. 
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Member details
There would be an agreed tagging/coding system and data dictionary for describing member details. The need for this is based on the same principle as the reports (as described above). Table 3 shows an excerpt from a possible prototype data dictionary for member details. This dictionary would correspond to a web-based registration process as illustrated in Figure 6 (which is an extract from a prototype website). The members would provide standard information such as name and contact details as well as areas of expertise, which would later be validated by a member of the steering group.
System-based action plan
Up to now system modelling has been used to provide insight into the many interrelated elements and relationships in the network and what the network might look like. We shall now apply stages 6 and 7 of Checkland's SSM, which examine the culturally feasible and systemically desirable changes to structure, attitude or procedure, which may be necessary to proceed. From the models described above it is clear that one needs to view the network from cultural, economic, managerial and technical perspectives. Each of these will now be discussed and the required actions outlined.
Economic/marketing perspective
This requires marketing the network and creating a solid business case. As Figure 4 shows, funding is vital to cover set-up and maintenance costs for meetings, training, evaluation, software, web servers and salaries of public health network managers, knowledge managers, database managers and webmasters. Table 4 describes the actions and their
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Figure 5
Extract from a possible classification system which could be used on the MPHN purposes, which are needed to ensure the network plan considers the issues of funding and marketing. One of these plans is to use the models to highlight the catch-22 situations demonstrated in Figures 3 and 4 which if not understood may hinder funding of the network. Figure 3 shows that usage of the network depends on its performance but performance depends on usage. These Figures show another catch-22 in that the decision on whether to fund the network mostly depends on its performance in delivering public health work yet the performance will only be good if funding is provided for certain resources (i.e plenty of good quality staff, databases, training, marketing, etc.).
Managerial
The models in Figures 3 and 4 demonstrate the need for good managers and leaders. Table 5 lists the actions, which need to be taken to ensure good management and leadership within the network. One of these actions will require teaching them new ways of working within this newly re-engineered public health world. Managers who are used to hierarchy will need to learn new styles of working and need training in virtual communication. They will need to develop high levels of interpersonal skills because of the number of internal and external relationships a network needs to sustain. Cultural Figure 3 shows that plans to break through cultural and psychological barriers are essential to the success of the network. Table 6 outlines the plans derived from our models, (6Ð8 letters/numbers) refugees which are needed to tackle the cultural issues surrounding the public health network. Some of the most important barriers to overcome are those to sharing and to agreeing common standards. Local networks often feel that only they know how best to run their own network and there may be some resentment towards what is regarded as top-down direction/guidance. One needs to make public health professionals aware of the problems of these tribal attitudes because it could mean refusing to adopt a common technical infrastructure and thus limit interoperability between networks.
Health Informatics Journal 9 (3)
174
Fahey et al. Information communication technology in public health
Technical
The public health network will depend on ICT for communication and knowledge management which the model in Figure 4 shows play a vital part in the functional performance of the network. Table 7 outlines the actions needed to create a satisfactory technical infrastructure. Having produced the plan to implement the network, one should also have a plan to evaluate the network.
The model-based evaluation plan
The input/output process model in Figure 4 was chosen as the basis for the evaluation plan because it focuses on performance and has elements, which are quantifiable. This model facilitates the identification of the main factors/elements, which are critical to the success
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Action Purpose
Arrange meetings of public health Market benefits of networks professionals who represent their Highlight catch-22 situations organization and/or their local network Secure commitment from each member Create a business case for public health Persuade politicians/senior managers to fund professionals the PHN Ensure public health professionals discuss Agree a minimum time (such as two sessions PHN with their bosses a week), which they are expected to devote to the public health network Table 5 Model-based managerial action plan for the network of the public health network, and the smaller factors/sub-network-elements upon which these larger factors depend. These are the elements, which we should aim to evaluate. The model in Figure 4 demonstrates that it is the decisions made by politicians and managers, which need to be influenced to provide the resources, which are essential for the development and maintenance of the public health network. Therefore it is the factors, which influence them (i.e. 'public health needs' and 'public health professionals' needs'), which are the most important factors, needing to be evaluated. In turn by Reassure those members who are worried channels go through independent about giving their information and this will third-party evaluation of their security improve the usage of the network Table 7 Model-based action plan to ensure technical issues are addressed
Arrange meetings between senior public Agree on common mark-up and coding/ health professionals and health classification system informatics and database experts Appoint a webmaster and knowledge Set up, manage and maintain the websites manager and their associated databases Give staff members the responsibility to Keep website and its information up to date keep website up to date Constant reminders to the members to keep contributing to the network working backwards on the model we see that the other factors, which need to be evaluated, are those that determine whether the public health and public health professionals' needs are met i.e. 'public health work delivered'. This in turn is determined by 'network performance' and 'network usage'. Again by working backwards in the model we can determine what contributes to each of these factors. By continuing in this fashion we can produce an evaluation tree ( Figure 7 ) in which the factors, which need to be evaluated, are easily identified. The sub-elements are graded according to levels, with level 1 being the highest and thus the most important. The description of a complete plan to evaluate the network is beyond the scope of this paper, but Table 8 outlines how one might evaluate the main elements (public health and public health professionals' needs) and demonstrates how one can directly evaluate one of the level 1 elements (i.e. 'network usage') and how it can also be indirectly evaluated by evaluating the level 2 and level 3 sub-elements which contribute to it.
Commentary and conclusions
The newly re-engineered public health service will be delivered through ICT-based managed public health networks. This study has demonstrated the value of using a Health Informatics Journal 9 (3) 178 Figure 7 The evaluation tree for the managed network (derived from Figure 4 ). Arrows mean 'contribute to' systemic model-based approach when implementing ICT-based solutions in the public health environment. This approach has been used to gain insight into the critical elements and relationships of the managed public health network, to propose a prototype ICTbased MPHN, and to describe an implementation and evaluation plan to realize the proposed network.
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In terms of further work, the proposed ICT-based MPHN needs to be implemented and the success in doing this compared with a public health network in which no such systemic model-based approach was adopted.
With regard to the evaluation process, Carson et al. [9] have already demonstrated the value of models in the evaluation of ICT-based systems being developed for use in the management of chronic disease. Here, we have shown their usefulness when applied to the MPHN. We found that taking a model-based approach made the creation of an Count number of emails sent on the network, quality and quantity communication of discussion groups and amount of traffic on the network evaluation plan quicker and probably easier. However, this still needs to be compared in a trial with a non-model-based approach.
We also sought to test the hypothesis that systems modelling was needed to make the transition from a predominantly personal (non-electronic) MPHN to a predominantly electronic (ICT) MPHN. In part, this hypothesis has been tested and demonstrated. To assess fully the value of the models and the systems approach used here, the proposed prototype needs to be implemented and evaluated and compared to a prototype network, which did not use systems modelling. To explore their value further one needs to compare the two approaches in other areas of health (care). One could also compare the value of different models and systems methodologies to identify those most suited to the implementation and evaluation of ICT in (public) health (care).
In terms of contributing to health informatics, the study has shown how acquiring a better understanding of the problem, as well as the means for the implementation and evaluation of a predominantly ICT solution (i.e. the MPHN) within the health (care) environment can benefit from using a systemic model-based approach. Second, in proposing a prototype, this paper has analysed the issue of interoperability among MPHNs and suggested a solution by describing a data dictionary and information tagging system.
In conclusion, this study has demonstrated the value of systems modelling when implementing and evaluating ICT in public health by applying it to the development of managed public health networks. We recommend that such a systemic model-based approach be considered more frequently in public health, particularly if there is a significant ICT component.
